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Ncchanicat and Loading Dafa 

APPENDIX: B 
MECHANICAL ihi LOADING DATA FOR CONDUCTORS 

... 
The tables included in Appendix B contain mechanical data 

for conductors commonly used in supply and communication. 
lines. The ultimate strengt.hs aud other data for copper, steel 
and iron wires are those. contained in specifications of the Amer- 
ican Society: for Testing Materials I or are-ultimate strengths .: 
based upon. such specifications. For other types and kinds oE 

,,.-: 
_) * : ::. 

conductors the ultimate strengths and other da? used have been 
taken from manufacturers ‘. specifications. ,.. 

The requirements of Rule 43 were used‘ to calculate the 
‘loaded conductor conditions. 

. . 

Table No. 

17 

18 

19 

20 

21. 

22 

23 

24 
..: .A 
. - 

,. . 

_. 

: 

Copper Wire-Bar&Solid 

Copper Wire-Bare-Stranded and Solid - .*. 
Copper WireLDouble,-Brsid-weatherproof- ;- 

Stranded and Solid :‘” . .- > 

Copper ‘iVir&Triple-Braid-Weatherproof- 
Stranded and Solid ; :;.. _ : 

,balvanize~~ st&i and Iron Wire-Bare-Solid 2.. . . .- . . 
Copper-covered Steel-Strand; Solid and Com- 
posite 

Aluminum Cable Steel Reinforced-Bare 

Galvanized Steel Strand ’ : ‘I 
a.’ 1 - --.-_ . . _, - -__.._ I .I 

i : >- ._ ._ 7 - ..: ‘7 .=v c-2 ‘1. , c 7.’ _ ‘j”.‘.. : . . ‘. . z.: . - - . ;., ; * i 
I 

. . . - : _ . -. __, ~. .- 

. , ,.- . . 
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;-. .: 
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COPPER WIRE-BARE-SOLID-CHARACTERISTICS AND LOADIIUG 

Loadink per lincu loot ot aoodoetor, pounda 

Heavy loading dihiot L? Light lodIg distriot a&gonumlmr 

I 
AWO 

Ia 

% 

I 

--w-s---- 

--------- 

*--------- 

-e----e-m 

9 
--------- 
-----..-*- 

12 
-s------- 

.e-----s 0.165 1.02138 1,326 1,078 0.0825 0.1100 
9 .lM .01629 . 832 .0628 .0960 

ms-----, ,134 
10 .128 2% 

1,026 
894 720 .0544 .0893 
820 662 .0496 .0853 

e--m---. .1144 .01028 661 532 .0396 .0763 
m-e--..-< .114 .01021 656 528 .0394 .0760 

12 . .104 .00850 551 440 .0327 .0693 
.-w---s. .0808 .00513 337 271 .0198 .0539 

14 .080 .OO503 330 265 .0194 .0533 

l Miaimm Ottimtd &ength of ABTM @ecibution, B 130. 
” Miium ultimto rtrenlth, d ASTM Epssillertioo, B tag, plum K tbc dhmos lmtreen minimum and muimum. 

. 

1 

.- 

L 

0.137 0.4960 0.5825 0.765 
.115 .4632 .5720 .736 
.105 ,4486 .5670 .723 
.099 .4401 .5640 .715 
.086 .4216 .5572 .699 
.086 .4212 .5570 .698 
.077 .4083 .5520 .687 
.057 .3809 .5404 .661 
.057 .3800 .!.Mo .660 



. 
Bus ol cable 

otwim, 
airmih 
or AWQ 

500,000 
I 350,000 

i 250,000 0000 
I 000 

00 
0 

: 

4” 

8 

i 
8 

0.1162 
.1357 
.1147 
.1739 
.1548 
.1379 
.1228 
.1093 
.0974 
.1487 
.0772 
.1180 

.0935 

0.813 
.679 
.574 
.527 
.464 
.414 
.368 
.328 
.292 
.320 
.232 
.254 
.2043 
.201 
.1620 
.I285 

TABLE 18 
CDppER WIRE-BARE-STRANDED AND SOLID-CtjARACTERISl-ICS AND LOADING 

chuacwi of wnduckr I 

I 

Ladii pa linear foot of canductat, pouod~ 

-il Ultimak krmile ~&w&b. LidIt kudblK dietrict I Bemy loading diatrict 
I potrob - L----f - - 

-- 

I -r 
yEii’ 

ood& riU 
M loch of ice 

roribonw lad 
siod of 6 lbs. 
per mJ. ft. 00 
oodoetor ritl 
H inch al ice 

II 3927 
.2749 
.1964 
.1662 
.1318 
.1045 
.0829 
.0657 
.0521 
.0521 
.0328 
.0328 
.03278 
.0206 
.02062 
.01297 

22,510 
15,590 
11,365 
9,154 
7,366 
5,925 
4,753 
3,802 
3,042 
2,913 
1,940 
1,879 
1,970 
1,204 
1,280 

826 
- 

Ysm dmmln I 
18,726 
13,024 
9,366 
7,772 
6,204 
4,952 
3,953 
3,154 
2,517 
2,453 
1,604 
1,564 
1,642 

995 
1,046 

667 

1.544 
1.081 

O: 2:: 
.5181 
.4109 
.3258 
.2584 
.2049 
.2029 
.1289 
.1276 
.1264 
.0825 
.0795 
.0500 

lorimaWlobd 
rind of 8 Ibe. 
Toi ;gy 

8 

0.5420 
.4523 
.3827 
.3514 
.3093 
.2760 
.2453 
.2187 
.1947 
.2133 
.1547 
.1693 
.1360 
.1340 
.1080 
.0853 

W” 

1.636 
1.172 
0.862 

.74? 

.604 

.495 

.408 

.338 

.283’ 

.294 

.201 

.212 

.185 

.i57 

.134 

.099 

2.3604 
1.8141 
1.4397 
1.2919 
1.1175 
0.9792 

.8655 

.7733 

.6974 

.7128 

.5841 

..5964 

.5641 

.5184 

.4911 

.4406 

0.9065 
.8395 
.7870 
.7635 
.7320 
.7070 
.6840 
.6640 
.6460 
.6600 
.6f60 
.6270 
.6020 
.6005 
.5810 
.5640 

T%“’ 
$ 

2.528 $ 
1.998 -- 
1.641 Ed 
1.500 0 
1.334 f& 
1.208 t-c 
1.103 8 
1.019 5 
0.950 4 

.971 

.849 Rb 

.865 t? 

.825 

.793 

.759 

.716 



TABLE 19 
COPPER WIRE-STRANDED AND SOLID-DOUBLE BRAID WEATHERPROOF-CHARACTERISTICS AND LOADING 

Site of c&lo 
or wire, 
cir mils 

or AWG 

Compnnmt wires 
(strands) 

Ditm;ter 

covering. 
inches*** 

Arca uilhou( 
covcrinp, 

square inch 

- 
llorizonlalload 

Y.z 
Dir- \‘crlical load, 

q eler, ilord Medium v~o$flf~rd* wind ol8 Ibs. 
per sq. ft. on 

Re;;wmt 

I 

conductor will 

inch drawo* trddrown” only conductor fJ inch of ice 

- -- . : 
61 0.1280 1.430 0.7854 15,030 37,210 3.456 0.3534 3.585 4.6561 1.2150 4.812 
61 .I109 1.195 .5890 34,090 23,272 2.635 .79Gi 2.753 3 : GS90 1.0975 3.849 
37 .llG2 1.081 .3927 22,510 18,726 1.765 .720T I .9OG 2.7451 1 .o-loz 2.933 
19 .1857 0.8G7 .2749 15,590 13,024 1.24s .5780 1.375 2.09so 0.9335 2.29G 
19 .1147 -7.10 .196-t 11,365 9,366 0.9070 .493d 1~032 1.6750 .8TOO 1 .mo 

T .1739 .1548 
.685 . lGG2 

9,154 7,366 
7,772 .7450 .4567 0.874 1.4815 .8425 1 . 70.1 

.640 .1318 6,204 . GO-40 .-12G7 .740 1.312s .8200 1.511s 
7 .13f9 .5GO .10-15 5,925 4,952 .4820 .3,734 .610 1.1411 .7800 1.352 
i .I228 .54B .0829 4,753 3,953 .38SO .3GdO ,532 1.03% . ii.30 1.29-1 

:: .1093 .0974 
.445 .lG57 3,154 .3030 .2967 .424 O.S906 .7225 1.147 
.415 .0521 3,802 3,042 2,517 .24GO ,27G7 .2io .8149 -c 1.079 

7 .0772 .344 .0328 1,940 1,604 .1550 .2293 .277 .6798 : ;t;; 0.956 

: 
.337 .03278 

1,970 1,280 
1 ,G12 .1535 .2247 ; 272 .6739 .6685 .949 

.290 . q20G 1,046 .1030 .I933 .219 .5942 -6150 .Sii 
1 .2JG .01297 826 6G7 .06SO .1640 .178 i .5319 .6230 .819 

- 
l Minimum ultimrte strengths of ASTM Spccificationc. B I-39. 

l * For strandrd -auJ~~ctors QWo minimum ultimrtc strrngths of ASTM SpeciBcatioas. B Z-39, plus % of the diRcrcnce hclwccn maximum and 90% of minimum .4ST.\I values; for I . 
solid oonduclors. minuncm ultims~c*t:~nctha of ASTM Spccihcations. B 2-39, plus $i of the difference hetaccn minimum and maximum. 

y 

l ** Average ou!sidt .hen;+ r c&r. : :**.I cnmmrrcirlly. u 

1 ,OOO,ooo 
750,000 
500,000 
350,000 
250,000 

0000 
000 
00 
0 

1 
4 
4 

Charnctcrislics of conductor 

I 

=I 
I 

----w-e-...- --- __.-.. . . - -- . _--e--e. . . ..-. .‘=A 
.-- 

Loadiog per iinear foot of conductor, pounds 

Light loadiog district 
I 

Heavy loading district 



TABLE 20 .s+ 
COPPER WIRE-STRANDED AND SOLID-TRIPLE BRAID WEATHERPROOF-CHAf?ACTERlSTICS AND LOADING z 

Chinctitia of conductor 
-. 

siie of ublo 
orwin, 
cir milr 

or AWG 

- 

No. 

ii- 

i: 

19 
19 

77 
7 
7 

; 
7 
1 

: 
- 

Horiionhflood 
Vertical load, wind of 6 Ibs. 
snduetor witb per sq. ft. on 
4 inch of ice conductor with 

24 inch of ice 

Dir- covering. iori~ontnllond 
wind of 8 Ihs. 

mcctt. incbu**’ Hard Medium 
kthc&Jgd~ 

perr .kon 
lk;;Wfn! 

inch dt&wn* ud drawn’ OOlY con uclor 1 1 

0.1280 1.656 15,030 37,210 3.764 1.1041 3.836 5.0146 1.3280 
.1109 1.380 34,090 28,272 2.822 0.9200 2.968 1.1900 
.1162 1.250 22,510 18,72G 1.894 .8334 2.069 x;; 1.1250 
.1357 I.000 15,590 13,024 1.345 .GGG7 1.501 2: 2777 1.0000 
.1147 0.850 11,365 9,366 0.9850 .5667 1.136 1.8244 0.9250 
.1739 I .805 9,154 7,772 . 8000 .53G7 0.963 1.6114 .9025 
.154s .710 7,3G6 6,204 .6530 ,473-l .807 1.4054 .8550 
.1379 .660 5,925 4,952 .5220 .4400 * .G83 1.2433 .8300 
.1228 .GlO 4,753 3,953 .4240 , -2OG7 .588 1.1142 .8050 
.I093 .509 3,802 3,154 .32so .3394 .472 0.9554 .7545 
.0974 ;488 3,042 2,517 .2700 .3253 .423 .8843 ,744o 
.0772 .390 1,940 l,GO4 .1700 .2GOO .311 .7234 . G950 

.387 1,970 l,G-12 .16G5 .2580 .307 .71SO . G935 

.317 1,280 l,O-I(3 .1136 .2313 .258 . G-103 .G735 

.294 82ii 6G7 .07GO .19GO .210 ,5G97 .6170 

I. 7854 
.5890 
.3927 
.2749 
.1964 
.1662 
.1318 
.1045 
. OS29 
.0657 
.0521 
.0328 
.03278 
.0206 
.01297 

- 
I 

-- , I 
I- 

Lnding per linear foot of conductor, pounda w 

Light loading district 

- 
I Heavy loading district 

Rei:L a d R b -” 
5.188 g \i 4.165 2’ y- 

3.187 - 
2.488 
2.045 

E 

.- 
I 

- 

1.847 g 
1.645 & r 

1.495 s3’ 
1.375 (p 
1.217 $j 
1.156 s 
1.003 
0.998 

.929 
:a:! 

l Minimum ultimate strengths of ASTM Spccitications, D l-39. 
l * For flrrndcd conductors, 9@‘,, minimum ultimate rtrcogths of ASTM Specihcalions, B 239. plus x of the diAcrcncc brlwecn maximum and 905 of minimum .\STM v~lurs: for solid 

conductors. mikoum ultimrtc strengths of ASTM SpoEcrtioer, B 2-39. pt US f{ of the didrrcla between minimum nud maximum. 
l **dvcragc outride diameter obtained commcrcinlly. 



. TABLE 21 
GALVANIZED STEEL AND !RQN WIRE-BARE-SOLlD-CHARACTERIST!CS AND LOADING 

-ioo doonduotor * 

- 

-0.238 
.203 

/ 0.0445 
.0324 

.165 .0214 

.148 .0172 
,134 .ot41 
.120 .0113 
.109 .0093 
.083 .0054 

2,028 
1,475 

975 
785 

iii 
425 
247 

BB 6tWl 
mdr prd@ 

2,270 2,433 
1,650 1,770 
1,090 1,170 

880 942 
720 774 
575 618 
475 510 
275 ,297 

*AU ultfmatr ttneik etmrtba uv ftom dSPM Bpeei6mtion A 11 I-31. 

= 

-- 

- 

-- 

- 

Lord& per linear foot of conductor, pounde 

Light loading didrict 

RandmInt Vertical lord, 
onduotor wit 
J$ inch of ica 

Rorif4ntdloac 
wind of 6 lba 
per nq. ft. on 

:onductor will 
fi incll of ice 

.1530 I. 1587 0.220 0.6119 0.6190 

.1120 .1353 .176 .5491 .6015 

.0740 .llOO .133 .4875 .5825 

. OGOO .09867 .116 ,4629 .5740 

.0490 .08934 .102 .4432 .5670 

.0390 .OSOOO .089 .4245 .5GOO 

.0320 .07267 .079 ;4107 ,5545 

.0190 .05533 .058 .3815 .5415 

T 

0.870 p 
.814 & 
.7,GO --* 
.737 z 
,720 
.703 

$’ 

.690 
$- 

.662 



TAJ3LE22 t 
COPPER COVERED 8TEEb=8tRAND, 80LlD AND COMPO8lTE-CtjARACTE!UsTICS AND LOADING 

‘V 

LOAD pa heat foot of ooadwtor, pou=b id 

- 

T -- 
T T - 

Light lauJing di8triat ultlmokCwllertrm(th,Oolr~ HeMy biing dttriet I Btmdr I 
-I- 

-- 

, 
d 

- 

0.486 0.1443 
.433 .1145 
.385 .0908 
.306 .0571 
.349. .0618 
.277 .0389 
.247 .0308 
.220 .0245 
.1620 .0206 
.1285 .0130 
.1144 .0103 
.1019 .00816 

’ .08081 .00513 
.366 .0680 
.290 .0428 
.230 .0269 

yi!!’ 

I.sos 1.1281 0.7430 
.500 0.9885 .7165 
.413 .8742 .6925 
.288 .7049 .6530 
,320 .7482 .6745 
.23i .6216 $6385 
.198 .5744 .6235 
.171 .5348 .6100 
.130 .4844 ,581O 
.097 .4306 .5642 
.084 .4183 .5572 
1074 .4031 .5510 
,057 . . 3792 .5404 
,354 .7953 .6830 
.252 .6527 .a50 
.184 .5555 .6150 

High 8lm#th 

$3. ioo l ?I 

15,330 16,890 
12,670 13,910 
10,460 11,440 
7,121 7,758 
6,204 6,835 
4,232 4,629 
3,488 3,802 
2,882 3,140 
2,433 2,680 
1,660 1,815 
1,368 1,491 
1,130 1,231 

711 800 

h$imism~~lo0 

Pvp ;itgn 
?I 

I.3240 
.2887 
‘2567 
.2040 
.2327 
.1847 
.1647 
i 1467 
: 1080 
.08567 
.07627 
.06794 
.05388 
.2440 
.1933 
.1533 

1.5150 
,4084 
.3239 
.2037 
.2203 
.1385 
.1099 
.08713 
.07285 
.04581 
.03633 
,02881 
.01812 
.2568 
.1615 
.1016 

No. 

-7 
7 
7 

:: 
3 
3 
3 

: 

: 

i 

i 
- 

&se 
AWC 

-ii 

x 

10 

i 

1: 

x 
9 

:02 
+ 

** 
*** 
- 

cot !? 
1.351 F 
1.221 ii’ 
1.115 1;’ 

z: k 
0:891 i 

gy t$ . 

.756 - 

.713 2 

.697 2 
-683 

112 
I 7/16 

: 
31’8 
5/16 

i 

20,460 
16,890 
13,890 
9,196 
8,281 
5,621 
4,565 
3,722 
3,247 
2,204 

5,876 
3,938 
2,585 

.660 
1.048 
0.918 

.829 

N~TW-I~~IW marked dth uteri& ate ~apodte ~mhmton of 1 capper oomtd rtml Bad 1 bud drawn ooppcr r*m. 
Copper conduaten~ quidcntr: l ip No, z AWO, l * P No. 4 AWO, l ** = No. t! AWO. 



TABLE 23 
ALUMINUM CABLE STEEL REINFORCED--ARE-CHARACTERISTICS AND LOADlfiG 

I__- 

. 

A.C.B.R. 
aiae 

cir m!ls 
or AWG 

I 

E 795,000 
h, 795,000 

I 795;ooo 
397,500 
397,500 
266,800 

0000 
000 

00 
0 

; 

: 
6 

500,000 30 19 1.140 
500,000 

ifi 
1.108 

500,000 7’ 1.093 
250,000 30 7 0.806 
250,000 26 7 .783 

000 26 7 .642 
00 6 .l .563 
0 6 1 .502 
1 

4” 
ii : 

.447 

.398 
7 1 ,325 

4 6 1 ,316 

i 
7 1 .257 

t : 
.250 

8 .198 

AR data “Characterirtio of Cooduoter” fmm Moufacturer rpccihcrtionr. 
-I 

0.7668 
.7261 
.7053 
.3850 
.3630 
.2436 

: :% 
.1219 
.0967 
.0653 
.0608 
JO411 
.0383 
.0240 

ChmctertCiu of Conductor 

Number of 
gtraodr Copper 

cquivrlcnt 
conductivity 

rirc. cir 
mils or 
AR-G 

Areyp 
ul&g c 

rtrrngth. 
pounds vlYY 

conducior 
only 

Iorironlalloa~ 
wind ol8 Ibs 
per s 

9 
. k. on 

con uctor 

38,400 1.234 0.7600 
31,200 1.093 .7387 
28,500 1.023 .7287 
19,980 0. G20G .5374 
lGJ90 -5464 .5220 
11,250 .3668 .4280 
8,420 * 2921 .a754 
6,675 .2316 .3347 
5,345 .1837 .2980 
4,280 .1456 .2653 
3,525 .1072 .2167 
2,790 .0916 .2107 
2,288 .0674 .1713 
1,830 .0576 .1667 
1,170 .0362 .1320 

= 

-- 
Loading per linear font of cooductor, pounds 

Light loading district 

Resultant 
lord 

1.449 
1.319 
1.256 

,821 
.756 
.564 
.476 
.407 
.350 
.3Q3 
.242 
.230 
,184 
. 176 
,137 

T Hcrvy loading district 

Vertical 
load, 

anductor ri 
H ioch of ic 

2.2538 

E32! 
1: 4327 
1.3442 
1.0769 
0.9531 

.8546 

.7725 

.7010 

.6202 

.5990 
,.5381 
.5240 
-4702 

loriron(rlload, 
wind ol6 Ibs. 
per sq. It. on 
:onductor with 

rhdt;“’ 

14 inch ol ice 

’ 1.0700 2.495 
1.0540 2.343 
1.0465 2.269 
0.9030 1.694 

.8915 1.613 

.8210 1 .35.1 

.78i5 1.232 

.7510 1.138 

.7235 ’ 1.058 

.6990 0.992 

.6625 .907 

.6580 ,890 
$285 .827 
.6250 .816 
.5990 .762 



APP. B Ncchanical and Loading Data 

TABLE 24 

MECHANICAL CHARACTERISTICS OF GALVANIZED 
STEEL STRAND 

5/g 
9/16 
l/2 
7116 
318 
5/16 
9/32 
l/4 
3/16 

= 
I - 

siemerlw 
Martin 

Exhhi h 
-Jd 

813 11,600 19,100 29,600 42,400 
671 9,600 15,700 24,500 35,000 
517 7,400 12,100 18,800 26,900 
399 5,700 9,350 14,500 20,800 
273 4,250 6,950 10,800 15,400. 
205 3,200 5,350 8,~ 11,200 
164 2,570 4,250 6,400 8,950 
121 1,900 3,150 4,750 6,650 

73 1,150 1,900 2,850 3,990 

tlltimak kudc drtn& POU& 

N-All data from ASTM Bpccirhtioo A 1223 3 fl x 7 atrand eak 
, 

- 293 - 



Conduct or Sags 

APPENDIX 0 
CONDUCTOR SAGS 

(a) Basisof Sag Curves for. fhp& Condnctors 
Data are presented in Appendix C in the form of curves in 

Charts numbers 1 to 9 inclusive, showing conductor sags which 
produce tensions that do not exceed either 35% of ultimate 
strength of the conductor-at 60°F and no wind, or 50% of ulti- 
mate strength (safety factor of 2) of the conductor- under the 
maximum loading conditions specified for Light or Heavy Load- 
ings in Rule 43. These sags are considered particularly ap- 
plicable to the stringing:of new wire. (ie. they should be con- 
sidered initial sags for conductors which have not been pre- 
stressed) and are not recommended in the case of used or so- 
called. prestressed wire. 

The..curves of the sag charts were drawn from computations 
made under the following- conditions : 

1. Sag curves in the Light Loading charts are based on 
35% of conductor ultimate tensions at 60°F and no wind. 

2. Sag curves in the Heavy Loading charts show sags which 
will obtain at 60°F and no wind, in conductors which 
are so strung that under heavy loading conditions the 
conductor tension will be one-half of the ultimate tension. 

3. The sag curves for weatherproof wire are for conductors 
having a triple-braid-weatherproof covering. 

4. Conductor dimensions, weights and loadings were taken 
from the tables in Appendix B. 

5. Modulus of Elasticity-lbs. per sq. in. 
Copper ~~~~,,,,,,,,,,,,,,,,17,000,000 
Steel and iron, solid _________ 29,000,OOO 
Steel, stranded ------------- 21,000,000 
Copper-covered steel, solid,,,,24,000,000 
Copper-covered steel, stranded-23,000,000 

6. Coefficient of Linear Thermal Expansion-per degree F. 
Copper ----------------------. 0000094 
Steel and iron ________________. 0000065 
Copper-covered steel __________. 0000072 

(b) Communication Conductor Sags 
The safety factors of Rule 44 and the conductor sizes of 

Rule 49.4 are the minimum requirements applicable to com- 
munication conductors. Conductors having sags not less than 
those specified in Table 25 will meet the minimum requirements 
of these rules for Grade “F” construction. The sag values 
given in Table 25 are greater than are required by the minimum 
requirements, but are considered to be in accordance with good 
practice. 
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(4 yo;gtip-w=l Spa , Level &pports aud Normal 

When a crossing span and its ad joining spans are of different 
lengths it is not possible to string-the conductors so. as to make 
both the normal tension and ,,the load@ tension balance in the. 
several spans. This condition should be met by selecting a sag 
for the longest span not less than that shown in the accompany- 
ing curves, pages 299 to 304,inclusive. 

The sags for the other-spans should then be determined aa. 
follows: For each span multiply the sag for the longest span 
by the square of the-ratio of the. length of the span under con- 
sideration to that of the longest span. The total normal tension: 
in each of the spans will then balance and the tota! tension unde 
loaded conditions will be slightly less in the short spans than in-. 
the longest span. 

Eiample 

Assume-A crossing span length of 250 feet-Heavy Load- 
ing District. 

Adjoining spans of 300 feet and 200 feet, respec-- 
tivel y. 

Conductors No. 0, AWO copper, medium-hard- 
drawn, stranded, bare. 

Sag from curve on page 302, for a 300-foot span’ 
is 5.30 feet. 

Making the sags in the other spans proportional to the 
squares of their length, the sag in the 250-foot span will be, 

(250) = 
(300)’ 

x 5.30-3.68 feet 

The sag in the 200-foot span .will be, 
(200)’ 
(300)’ 

x 5.30==2.36 feet 

(d) Sag Correction for Temperature 

!l%e curves, on page 305, cover the correction of sags for 
stringing temperatures other than that for which the sag- 
curves were calculated. These figures cover the normal ranga- 
of stringing conditions for temperatures at time of string- 
ing, varying between 0°F and 130°F, and’for spans of from 100 
feet to 1000 feet, inclusive, in lOO-foot steps, with the exception 
that the 150-foot span has also been included. They represent: 
average values for each degree F. difference between actual 
stringing temperature and the temperature for which the curves 
were calculated, that is 60°F. The corrections for temperatures 
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greater than 60°F arc to be added to the normal sags wbile the 
corrections for temperatures less than 60°F are to be subtracted. 
The correction for a given difference of temperature from the 
base value is considered the same whether the stringing tempera- 
ture is greater or less than the base value. 

The use of these corrections may be illustrated by assuming 
a. specific case : 

Example 

Assume-A span of 300 feet-Heavy Loading District. 
Conductors No. 0; AWG copper, medium-hard- 

drawn, stranded,- bare. 
Stringing temperature 80°F.’ 
Minimum normal sag, page 302, is 5.30 feet. 
Difference between stringing temperature and 

normal temperature is 20°F. 

. 

The ratio for sag divided by span is 0.0177. From the 
curve on page 305, the correction per degree F for this ratio 
for a span of 300 feet is 0.024 feet. 

The total correction for 20°F difference. is, 
20 x 0.024--0.48 feet 

Then the corrected sag is 5.30+0.48 equals 5.78 feet. 
If some other span than those covered by specific curves is 

used the correction may be obtained by interpolation between 
curves. 

(e) Sags for Supports at Different EIevations 

The sag curves have been based on the supports being at 
the same elevation. The curve on page 306covers the correction 
of the sag to care for the difference of elevation of supports. 

The use of this correction may best be illustrated by taking 
a concrete case: 

Example 

Assume-A span of. 300 feet-Heavy Loading District. 
I 

A difference in level of supports of ‘5 feet. 
Conductors No. 0,’ AWG copper, medium-hard- 

drawn, stranded, bare. ’ 
‘The curve, page 362, requires a sag of 5.30 feet. 

The ratio of difference in level of supports divided by the 
sag is 5.0 divided by 5.30 which equals 0.94 and is the ratio 
marked h/S on curve, page 306. The multiplier C for.this ratio 
is 0.58. Therefore the sag below the lower point of support is, 

0.58 x 5.30-3.07 feet 
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If the sag is to be measured from the higher support, the 
sag below the lower support may be obtained as above and the 
difference in elevation of supports added thereto, which gives 
the sag below the higher support as 3.07+5.00 which equals 8.07 
feet. The difference of levels may be such that the resultant 
pull is upward at the lower support; that is, the lowest point in 
the span is at t.he support. To cover this condition, and also as 
an alternative method. of solving cases like that just considered, 
use may be made of the following approximate rule which is 
sufficiently accurate for all ordinary situations,--“ The apparent 
sag, or the vertical distance between a straight line joining sup- 
ports and the tangent to the span, parallel thereto, equals the sag 
for a normal span of the sameJength.” 

(f) Determination of. Amount of Sag for .Various Points in a 
Span- 

The sag curves on pages 2gg to 304, inclusive, shots for wires 
of different sizes and materials the value of the center sag at 
which these wires should be strung under normal conditions to 
have. the assumed factors of safety under the designated load. 
c’onditions, At times it is desirable to know, not only the 
amount of sag at the center of the span, but also the amount of 
sag at some other point in the span. 

This is necessary, for example, in obtaining the clearance 
over other wires where the point of crossing between the cross- 
ing 8pan and the wires crossed, occurs, not at the center of the 
crossing span, but at some other point. 

On page 367 a curve is given by means of. which, given the 
amount of center sag, the amount of the sag at any other point 
in the span can be determined. This curve gives the value of 
the sag at all points on the catenary curve expressed in per cent 
of the center sag. The use of this curve is shown by the follow- 
ing example : 

Example 
Assume-A span of 300 feet-Heavy Loading District. 

A center sag, determined from the sag curves, of 
5.30 feet. 

The crossing span crosses over a Class C line, on 
which the top wire at the point of .this crossing 
has an elevation of 25 feet. 

This point of crossing to be* 105. feet from the. 
nearest support of the crossing conductor, and a. 
minimum vertical clearance of 6 feet is required 
at the point of crossing. 

Required-At what height must the crossing conductor be 
supported in order that this required vertical 
clearance shall be obtained i 
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As the span length is 300 feet, and the distance from the 
nearest support to the point of crossing is 105 feet, this distance 
is 35 per cent of the span length. From the curve, page 307, the 
value of the sag at this point is 91 per cent of the center sag. 
The sag at this point, therefore, equals 5.30x0.91-4.82 feet. 

Therefore, the required elevation of the crossing conductor 
at its point of support is equal to the height of the Class C wires 
crossed (25 feet), plus the minimum vertical clearance required 
(6 feet), plus. the sag of the conductor at the point of crossing 
(4.82 ,feet). 

25’ feet+6 feet+432 feet3582 feet 

(g) Charts-of Conductor Sag Curves 

The following list includes charts of sags of various sizes 
and kinds of copper conductors, adjustment curves for tempera- 
ture changes, sag adjustment curve for supports at different 
elevations,. and a. table of sags for communication conductors in 
Grade “F” construction : 

Chart No.. Description Page 

1. Conductor Sags, Light Loading, Bare Copper, 
Hard Drawn and Medium Hard Drawn,-,-, 299 

2. 

3. 

Conductor Sags, Light Loading, Weatherproof 
Copper Hard Drawn and Medium Hard Drawn 

Conductor Sags, ,Heavy Loading, Bare Copper, 
. Hard Drawn ----------------------------- 

4. Conductor Sags, Heavy Loading, Bare Copper, 
Medium Hard Drawn,,,,,,,,,,,,,,,,,,,,,, 

_. 5. Conductor Sags, Heavy Loading, Weatherproof 
Copper, Hard Drawn ______--______________ 

6. Conductor Sags, Heavy Loading, Weatherproof 
Copper, Medium Hard Drawn ___________ ,,, 

7. Copper, Sag Adjustment for Temperature,,,,,, 
. 8. Sag Adjustment Factor-Supports at Different 

Elevations ------------------------------- 
9. Catenary Curve Ordinates ____________________ 

Table No. 
25. Sugge&d Sags for Communication Conductors 

in. Grade ‘ ‘ F ” Construction ________________ 

390 

301 

302 

303 

304 

305 

306 

307 

308 
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CHART NO. 1. LIGHT LOADING 

Saga at 60’ F and No Wind 

Bars Copper-Hard Drawn and Medium Hard Drawn 
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Co~d~iciot Sags 

CHART NO. 2. LIGHT LOADING 

Sags at 60” F and No Wind 

Weatherproof Copper-Hard Drawn and Medium Hard Drawn 



Conductor Sags 

CHART NO. 3. HEAVY LOADING 

Sags at 60” F and No Wind 

Bare Copper-Hard Drawn 



Conduct or Sags 

CHART NO. 4. HEAVY LOADING 

Sags at 60’ F and No Wind 

Bare Copper-Medium Hard Drawn 

e 

3 f 
L33d NI NVdS 
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CHART NO. 5. HEAVY LOADING 

Sagr ut 60” F and No Wind 

Weatherproof Copper-Hard Drawn 

% ? 
L33d NI NVdS 
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CHART NO. 6. HEAVY LOADING 

Saga at 60’ F and No Wind 

Weatherproof Copper-Medium Hard Drawn 

APP. C 
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Conduct Or Sags 

CHART NO. 7 
,AG COP,CECT,OH FOP TEMPEEATUEL - COPPCIE 

3.: 
.-.- ‘3 

./L 
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CHART NO. 8 

APP* c 

SAC3 COpRECTlON FACTOR- SUPPOETS AT DIFFERENT CLEVATIONS 

9 -- a a x a a 
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CHART NO. 5 , 

CkTcNAXY cu1cvr OL’OINA-r~S . 



TABLE 26 
STFj!yGING Sk IN If+lCHES FOR ~OMMUNICAT!ON’CO~DUC~ORS Iv GRADF r ~O~STeUCTlON 

I 

w 100 
Is 120 

140 
160 
180 
200 
220 
240 
260 
280 
300 

-- 

L ~ 

Tempenlure, decreer Flhrenheit I 

ioo I 80 

li.5 i.5 

14 18 :: 
22 
27 
32.5 

E# 
49 
56 . 

60 

4.5 

9’ 
12 
15.5 

’ 19 

;; 
32 
37 
42.5 

40 20 

4 3.5 
F:! 5 

:30 ii:; 

16.5 2 5 
20 16:5 
23.5 20.5 
27.5 
32 
36.5; 

il.5 
32 

loo 

9.5 
13.5 
18.5 

$5 
‘f”“” 
-------. 
e-mm-..-- 

_--_--we 

-------- 

m----e-T 

Tempentwe, degreu FAreaM 

so I 60 

$55 14:5 11:5 ii5 

18 1’5 
23 19 

.------- -------. 
-e_e--me--e---- 

----e-- 
---.----- 

--e---- 

I 

---.----- 

______- --------’ 

I _______-------- 

40 

75 
9.5 

12.5 
15.5 

.-^----- 

.^-v---m 
----e-- 
------- 
..---e-- 
------- 

20 

4 
4:; 

10:5 
? 

----..-. 
VW..---. 
-_--em- 
--v---- 
----em- 
------- 

l In heavy loading districts, up of the &ken valuer we iardequole for the followiag conducton and must be increased to meet the safety factor rquiremcok: 
Iirrddrrwa wpprr. No. 12 AWC in cprnr greater than 130 feet. 
Grlvanired iron, EBB. No. 9 BWG in rpanr greeter than 170 fret. 
Gelvrnired iron EBB No. 10 BWG in spans rtnltr thbn 140 feet. 
Calvanircd iron’ EBB’ No 12 and No. 14 B\sG in spans nf my length. 
Galvaoired iron: DB, ko. i0 BWG in rpaur rrrrtcr lhaa 170 fett. 
Galvanired iron, JIB. No. 12 BWG in rprnr grcatrr than 116 fret. . 
Galvroircd iron, BB. No, I4 BWG in rpaht or any lenglh. 

0 

.-e--w-.. 

._-_---- 



Conl,nl~nicaiion Line Deiail 

APPENDIX D 
TYPICAL COMM”P;lCATlON LINE CONSTRUCTION 

For a communication line carrying. from approximately 6 
to 20 conductors in a Light Loading area, the following specifica- 
tions adequately meet all intents and requirements of this order: 

POLES 
Round, wood, butt-treated, 25 feet in length, minimum top 

circumference of 15 inches, and set to a minimum depth of 
4.5 feet in firm soil. 

CROSSARMS 
33”~4+“xlO’. Attached by means of through bolts and 

washers, with a 15 inch center line of pole clearance to nearest 
conductors. Standard 30 inch quarter braces installed on-the 
face of the crossarm with +-inch bolts and J-inch drive screw 
at the pole. 

PINS 
1~%3” wood pins. 

INSULATORS 
Pin type insulators to be of design that will engage the 

thread of the pin for not less than two and one-half turns. 

CONDUCTORS 
Size and material dependent upon the cl& of circuit 

involved. Sags as specified in Appendix C, Table 25. The 
average span length is 150 feet. 

GUYS 
For guying at angles or dead ends, it is recommended that 

a “Lead over .Height” (ratio of the horizontal distance from 
the face of the pole to the point of entrance of anchor rod in 
the ground to the vertical height above the ground of the 
attachment of said guy wire to the pole) of 1 be used. At 
angles in the line where the pull of the line exceeds 4 feet, 
i.e., the angle of departure exceeds 5 degrees, a guy strand 
having a strength of 1900 lbs. (r) or greater shall be used 
with the necessary pole shims, hook bolts, etc. (See App. G; 
Fig. 85) 

HARDWARE 
All line hardware to be galvanized or of other corrosion 

resisting material. 
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.TABI 26 

REPLACEMENT CFl$+I’jD LINE CIRCUMFERENCES IN INCHES OF SOUND SOLID WOO!? FOR COMMUNICATION -. 
POLES IN GRAPE’ “F” CONSTRUCTION 

Thin table in euitablc for poles supporting cables; interexchange linea (toll tthnk and telegraph way wire) ; and exchange or 
local distribution liner, of mart tban 10 wires. The circumference8 given in tbia table are ‘baaed on a ‘safety factor of ‘one-half, a 
modulus of rupture in bending of 6600 pounds per eqnare inch, and the maximum number of wires (.lO+ incbee in diameter) shown 
in tbe headinga of the respective columns. 

100 
125 
150 
175 

100 
125 
150 
175 
200 

100 
125 
150 
175 
200 

- 

T 
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12 
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13 
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*-----I 
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:x 
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23 
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TABLE 27 

REPLACEMENT GROUND LINE CIRCUMFERENCES IN INCHES 
OF SOUND SOLID WOOD FOR COMMUNICATION POLES 

IN GRADE “F” CONSTRUCTION 

This table is suitable for poles supporting exchange or local distribu- 
tion lines of 10 or less open wires. The circumferences given in this table 
are baaed on a safety factor of one-half, a modulus of rupture in bending 
of 6,600 pounds per square inch, and the maximum number of wires (.104 
inches in diameter) shown in the headings of the respective columns. 

20 

25 

30 

35 

spm 
length, 
(feet) 

100 
125 
150 
175 

100 
125 
150 
175 
200 

100 
125 
150 
175 
200 

100 
125 
150 
175 
200 

= 
I Lad in numbu of wizu 

l-4 

L. L. 

z 
9 
9 

ii 

i 
9 

ii 

1: 
10 

10 
10 

:‘: 
11 

H. L. 

::: 
12 
13 

12 
13 
14 
14 
15 

13 
14 

:i 
16 

14 
15 
16 
16 
17 

T Cl0 

L.L. 

9” 

ii 

9 

ii 
10 
11 

10 

:: 
11 
12 

11 
12 

:x 
13 

H.L. 

15 
16 
17 
18 

16 
17 
18 
19 
20 

17 
18 

ii 
21 

LL.-Rrftrr to Light Loading District, Rule 433. 
&L.-Refcrr lo Heavy Loading District. Rulr 43.1. 
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